Capacity of tumor necrosis factor to bind and penetrate membranes is pH-dependent.
Studies with human U937 cells as targets established that a 15-min exposure to rTNF at pH 5.3 caused a significant increase in TNF-mediated cytolysis when compared to cells exposed to TNF at pH 7.4. A detailed examination of TNF-membrane interactions revealed that although TNF bound avidly to model membrane targets, no damage was generated under any condition tested. Binding of TNF, monitored with 125I-labeled as well as unlabeled protein, was enhanced at low pH. In the pH range tested (i.e., 4 to 8), target membrane permeability actually decreased in the presence of TNF. This membrane stabilization may be a consequence of TNF insertion into the target bilayer, a process we detected through use of an intramembranous photolabeling assay; interestingly, the efficiency of TNF insertion into membranes increased dramatically with decreasing pH. We conclude that native TNF does not cause pore formation directly and that its ability to induce cell lysis, as monitored by 51Cr release, is a consequence of some as yet obscure signaling event or intracellular activity. Parallel studies were carried out with diphtheria toxin, a protein with a more thoroughly characterized pH-dependent intoxification pathway. This toxin displayed acid-enhanced activities with both biologic and artificial targets.